We report measurements of the electroproduction reaction ep-er'n for pions produced between 60 and 90" in the virtual-photon-proton center-of-mass system. The cross section i s studied a s a function of the center-of-mass energy, Ui, and the square of the virtual-photon mass, -Q ' , in the region 1.2 GeV W 3.0 GeV , 1.2 G~V ' Q ' C 4.4 G~v ' .
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The data show a strong W dependence in accord with simple quark-model predictions but exhibit a Q ' dependence which i s difficult to explain in the context of such a model.
In the past several years, there have been exof-mass angles 0 near 90". Here n is simply the tensive measurements of the electroproduction sum of the number of elementary fields contained reaction ep -e7ifn in particles a, b, c , and d. If Reaction (1) is viewed in t e r m s of the equivalent virtual-photon reaction with the pion produced along the direction of the virtual These data a r e interpreted within the context of the electric-Born-term model and a r e used to determine the pion form The main features of the data a r e a strong dependence on the square of the virtual-photon mass, -Q2, and a relatively weak dependence on the center-of-mass energy, W. Quite a different behavior is expected for pions emitted at large angles with respect to the virtual-photon direction. In this region of large momentum transfers, the parton structure of the hadrons should reveal itself and dominate the c r o s s section. One particul a r model, the parton-interchange model,4 p r edicts for any reaction a+ b-c + d a c r o s s section of the form and the standard quark assignments a r e used f o r the participants, this model predicts a c r o s s s e ction that falls a s W-12. This model does not make a definitive statement concerning the Q2 dependence of the c r o s s section. It is expected, however, that the Q2 dependence would be weak and characteristic of the quark form factor r a t h e r than hadronic form factors. This paper reports the f i r s t measurments of a two-body virtual-photon reaction a t very large momentum transfer, This work extends previous measurements2 of Reaction (1) into the region near 90" in the virtual-photon-proton center-ofm a s s system. The measurements were c a r r i e d out a t the Cornell University Wilson Synchrotron Laboratory. for large center-of-mass energies W and centerElectroproduction can be treated a s photopro-duction by a virtual photon, whose m a s s squared data points in the experiment. The uncertainties -Q2, energy v, direction, and polarization pashown a r e statistical only and do not include a r a m e t e r E a r e tagged by the detected electron.' possible systematic e r r o r which, excluding the The c r o s s section for Reaction (1) is written radiative correction, i s estimated to be l e s s than 7O/0. The systematic e r r o r in the radiative c o rrection is estimated to be l e s s than 1%. Figure 2 shows the virtual-photoproduction where is the "flux" of virtual photons. do/da, c r o s s section as a function of angle f o r fixed U. is the c r o s s section for the production of the n ' n and Q2. The c r o s s section is sharply peaked in final state by a virtual photon and i s a function of the forward direction2 and becomes relatively the virtual-photon variables Q2, v (or W) , and E , flat near 90". and the polar angle 6 and azimuth q describing Figure 3 displays the W dependence at Q2 = 1.2 the detected n+ in the virtual-photon-proton c.m.
GeV2 for four different angles, The solid curves system. represent the best fits of the form The two magnetic spectrometers shown in Fig. 1 were used to obtain data in the region of do/d 52, = a l w~~/ ( Q ' )~z . (4) 1.2 GeV2 sQ"4.4 GeV2, 1 -2 G e V s U ' s 3 . 0 GeV, 55" so <95", 100" s q s150°, and 0.85 s~ s 0.95.
The fits include all Q2 between 1.2 and 4.4 GeV2 A shower counter served t o identify the electrons.
and a l l W between 2.0 and 3.0 GeV. The coeffiPions were identified by a threshold gas Cherencients of the fit f o r each angular region a r e given kov counter when their momenta were g r e a t e r in Table I . The W dependence becomes weaker than 1.5 G~V / C and by their time of flight a t lowat s m a l l e r angles as it must since in the forward e r momenta. The data have been corrected for direction the c r o s s section falls a s In adrandom coincidences (-1 %), counter and spark dition t o the fit shown, the 90" data were also chamber dead time (-7%), target wall backfitted over the region W>1.7 GeV. The result of ground (-5%), absorption in the counters (-5%), that fit is that the c r o s s section falls a s w -~~~*~~~ and pion decay l o s s e s (-3%). In addition, we apWe have s e e n no evidence for this exponent changplied a radiative correction of -40°/0 following a ing with Q2. The W dependence agrees with the prescription of Bart1 and Urban. ' The radiative correction varied by l e s s than 7%, over a l l the G~v ' , d u 
parton-interchange-model prediction4 of W-I' and with photoproduction r n e a~u r e m e n t s .~ It is surprising, however, that this simple dependence extends to values of W l e s s than 2 GeV.
In Fig. 4 use of the W dependence observed in that experiment. Also shown is the Q2 dependence a t 0°.2s7 Apart from an overall scale factor, the data at 0 and 90" a r e remarkably similar. The falloff a t l a r g e r Q 2 which is essentially proportional t o the square of the pion form factor is quite different from the prediction of the simple quark model in which the behavior a t 90" is dominated by the interaction of the virtual photon with a single quark. The initial r i s e of the forward c r o s s s e ction with Q2 is due t o a large contribution by production points are from Refs. 6 (90") and 7 (0").
longitudinal photons via the one -pion-exchange diagram. The data of this experiment taken in conjunction with the photoproduction 90" c r o s s section a r e suggestive of a s i m i l a r contribution a t large momentum transfer. This again can be contrasted to the simple quark model which p r edicts that only transverse photons will contribute. The data can be understood simply in t e r m s of a vector-dominance-like model in which the Q2 dependence is given by the p propagator and the W dependence is the s a m e as that observed in @ -vp elastic scattering.
In conclusion, we have observed the W dependence of Reaction (3) a t 90" to be in agreement with the prediction of the parton-interchange model. However, it s e e m s difficult t o explain the observed Q2 dependence within the framework of this model.
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